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Abstract Background: The evidence-based benefit/risk evaluation of therapeutic interven-
tions in randomised clinical trials should include both the assessment of the
benefits and of the adverse outcomes. There is ample evidence that ACE inhibi-
tors improve the symptoms and prognosis of chronic heart failure (CHF) and
ventricular dysfunction. However, there is little systematic information on the
tolerability and adverse effects associated with their use in these conditions.
Objective: To estimate the adverse events related to ACE inhibitor use in the
treatment of CHF and ventricular dysfunction.

Design and Methods: Description of adverse events in reports of randomised
clinical trials of ACE inhibitors in CHF or ventricular dysfunction was examined,
and a meta-analysis was performed. Trials were included if they were placebo- or
standard treatment-controlled, and if the treatment duration was at least 8 weeks.
Relative risks and their 95% ClIs were estimated with a random effects model.
Results: Only 22 (43%) of 51 original reports contained information on the
number of withdrawals and their causes. Missing information from the remaining
29 trials was obtained from the authors. The weighted mean duration of treatment
was 100.2 weeks. After excluding administrative reasons, heart failure, myocardi-
al infarction and hypertension, the withdrawal rates attributed to adverse events
were 13.8% and 9.4% for the ACE inhibitor and control groups, respectively (RR
= 1.54 [95% CI 1.30-1.83]; weighted difference = 3.1 per 100 treated patients
[95% CI 1.8-4.4]). Cough, hypotension, renal dysfunction, dizziness, hyper-
kalaemia, and impotence were all significantly more prevalent among patients
treated with ACE inhibitors than among those in the control groups.
Conclusions: Among patients with CHF or ventricular dysfunction enrolled in
randomised clinical trials, treatment with an ACE inhibitor for an average of 2
years leads to an additional 3% of treatment withdrawals. In a significant propor-
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tion of the reports on these randomised clinical trials, information on adverse
events leading to treatment withdrawal was inadequate. Proper evidence-based
evaluation of the benefit/risk of therapeutic interventions needs a more systematic
approach to reporting of adverse events experiences recorded in clinical trials.

In the last two decades, ACE inhibitors have
become a cornerstone in the treatment of a wide
spectrum of patients with chronic heart failure
(CHF) or ventricular dysfunction. A recent meta-
analysis including 39 trials in heart failure showed a
decrease of 17% in mortality, which was more pro-
nounced among high-risk patients.!! On the other
hand, various drug utilisation studies have suggested
underuse of these drugs in the treatment of CHF in
usual practice.>#! Although various reasons for this
underuse have been given, it has been suggested that
it could be related with fear of various adverse
effects, such as hypotension, hyperkalaemia, and
worsening of renal function.>% Systematic informa-
tion on the tolerability and adverse events of ACE
inhibitors in patients with CHF may contribute to a
better knowledge of the benefit-risk ratio of these
drugs in this indication. However, apart from an
overview of the two Studies of Left Ventricular
Dysfunction (SOLVD) trials, where the incidence of
adverse events and the reasons for withdrawals
during long-term treatment!”! and during dose titra-
tion!® were given, there is little systematic informa-
tion on the tolerability and adverse events related to
ACE inhibitors in patients with CHF.

With the aim of estimating the frequency and the
reasons for withdrawal among patients randomised
to treatment with ACE inhibitors, this information
was collected and a meta-analysis was performed
for withdrawals attributed to adverse events.

Study Design and Methods

Clinical trials were identified through biblio-
graphic searches in computerised databases such as
Medline (from January 1966 to December 1999) and
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EMBASE (from January 1974 to December 1999),
and through manual search from the reference lists
of the reports on clinical trials and reviews on the
treatment of CHF and ventricular dysfunction after a
myocardial infarction. In addition, a letter was sent
to the first authors of the identified clinical trials, to
experts in CHF and to the medical directors of
pharmaceutical companies marketing ACE inhibi-
tors, where we asked about any unpublished or
unknown clinical trials with ACE inhibitors in the
treatment of CHF and/or ventricular dysfunction.

Clinical trials were included in the meta-analysis
if they were randomised, the use of an ACE inhibitor
by the oral route was evaluated in patients with CHF
or with ventricular dysfunction after a myocardial
infarction, a control group treated with placebo or
with standard treatment was included, the design
was parallel or crossover (of these, only the results
of the first phase before the crossover were consid-
ered), they gave information on patient withdrawals,
and if they lasted for =8 weeks. Trials with and
without a run-in period with ACE inhibitors or a
test-dose before randomisation were included.

Three researchers (AA, IMA, XV) independently
and blindly (with respect to the title, author and
journal) evaluated each trial with regard to the inclu-
sion criteria. Differences were resolved by consen-
sus. In the majority of cases, the information on each
trial was obtained from the published report. For
each trial, two researchers (SB and AA) indepen-
dently extracted the following information by means
of a structured questionnaire: sex, age, New York
Heart Association (NYHA) functional class, ejec-
tion fraction, concomitant treatments, primary end-
point and study duration, the particular ACE inhibi-

Drug Safety 2003; 26 (12)



Adverse Effects of ACE Inhibitors in Heart Failure: A Meta-Analysis 897

tor evaluated in the trial, and the number and reasons
for withdrawals during the open pre-randomisation
phase and during the post-randomisation phase.
When information on any of these variables was not
found in the report, the principal investigator was
approached and asked to provide it. In the cases
where it could not be obtained, the trial was exclud-
ed from the analysis for that particular variable.

In order to evaluate withdrawals due to adverse
events related to ACE inhibitors, the reasons for
withdrawals were examined. First, administrative
causes (i.e. patient decision, recommendation by
physician and/or nurse, protocol violation, or lack of
adherence) were considered and excluded. Second,
withdrawals due to events supposedly prevented by
ACE inhibitors (e.g. worsening of CHF, myocardial
infarction, and hypertension) were removed. The
difference between the rates of withdrawals from
other causes in each of the two groups was consid-
ered to be the best estimate of the true incidence of
adverse effects attributable to ACE inhibitors lead-
ing to withdrawals.

In order to evaluate the effect of dose on the rate
of withdrawals attributed to adverse drug events,
information on the target daily dose and on the doses
of ACE inhibitors actually taken by the participants
was examined.

Possible heterogeneity of the treatment effect
among the different studies was evaluated with the
%2 test for heterogeneity.[’! Relative risks (RR) and
their 95% ClIs were estimated with the method of
random effects by DerSimonian and Laird, with the
Revman programme (version 4.0) developed by the
Cochrane Collaboration."”! The random effects
model was chosen because, in the absence of hetero-
geneity, the results are similar to those obtained with
the fixed effect model; they are also more general-
isable and more conservative. The number of pa-
tients needed to treat in order to produce a withdraw-
al attributed to an adverse drug event was calculated
as the inverse of the pooled differences between the
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rate of events (withdrawals) in the control group and
the rate of events in the intervention group in each
study.['!]

Results

Clinical Trials Included in the Meta-Analysis

Eighty-seven studies!'?*%! were identified and as-
sessed, 51112621 of which met the pre-established
inclusion criteria (six unpublished trials).l>!-43859]
The remaining thirty-six!®-%%! studies were excluded
for the following reasons (see figure 1): duration <8
weeks (19 studies),!®8! the report described a sub-
study or a subanalysis of a trial that had already been
included (eight studies),’*%% they were uncon-
trolled or non-randomised (seven studies)®*-%! or
the authors did not respond to the request of infor-
mation on the group from which withdrawals oc-
curred (two studies).l97%81

There were twenty-two (43%) trial re-
pOrtsl13:16,18.20.21,25-27.32.34.36-39.44.4749-51.55.61,62] that
contained complete information on the number and
the reasons for withdrawals. The principal investiga-
tor and/or the sponsor pharmaceutical company
were contacted and asked for details on the number
and reasons for withdrawals on the remaining 29
trials. Of these, a response with additional and com-

plete information was obtained from seventeen
trials. [12.14.19.23.24.29,30,33,35.40.41.43.45.46.57-59] For the re-

maining twelve trials,“S’l7’22’28*31’42’48*52‘54*56’60] infor-

mation was obtained only on certain variables, and
therefore they were only included in the analyses of
the variables for which information was given in the
respective reports (see figure 1).

Baseline Patients” Characteristics and
Primmary Endpoints

A total of 18 234 patients were studied, 78.7% of
whom were male. Of these, 9668 were randomised
to receive an ACE inhibitor, and 8566 to the refer-
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4>| 36 trials excluded

Reasons for exclusion N
A 4 Duration less than 8 weeks 19
51 trials included Substudies or subanalyses of other included trials 8
Uncontrolled or non-randomised studies 7
Information on the group from which 2
v withdrawals occurred could not be obtained
29 trials
Principal investigator or
sponsor pharmaceutical
company were contacted
v £ l
22 trials 17 trials 12 trials
Complete information Additional and Missing information
on withdrawals (number || complete information || on some variables
and reasons) in the reports obtained
[
Missing information N
Reasons for withdrawal missing in the report (see table I) 9
Reasons for withdrawal:
Administrative 6
Heart failure (HF) 5
Hypertension 11
Myocardial infarction (MI) 12
Adverse events, excluding HF, Ml and hypertension 9
Specific reasons for withdrawals due to adverse events (see table Il) 12

Fig. 1. Clinical trials of ACE inhibitors in the treatment of heart failure and ventricular dysfunction after myocardial infarction. N = number of

trials.

ence treatment. The mean age varied from 49 to 82
years; the weighted mean age for the patients includ-
ed in the meta-analysis was 61.8 years. The mean
duration of the trials was 29.2 weeks (SD £5.8), and
the median was 12 weeks (range 8—180); the corre-
sponding weighted mean duration was 100.2 weeks
per patient. Enalapril was evaluated in 12 trials
(7311 patients)’[l4,16,l7,2(),30,42—45,47,49,62] captopril in
nine (3033 patients),28:32-34:36.37.39.50.56] ramipril in
six (2894 patients),?331-5401 trandolapril in one
(1749 patients),?¥ and quinapril in six (935 pa-
tients).[272940.41,58.591 Other ACE inhibitors were ci-
lazapril (six trials, 617 patients),!!3:3855-57.611 fogi-
nopril (two trials, 549 patients),['>! lisinopril
(three trials, 337 patients),?!?>31 perindopril (three
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trials, 252 patients),?>20*8] benazepril (two trials,
232 patients),!!>41 delapril (one trial, 101 pa-
tients),!'3! and zofenopril (one trial, 24 patients).!!
All but threeB**7 trials (125 patients), were
double-blind and placebo-controlled. In 24 trials
the primary endpoint was exercise toler-
ance,[12:15.17-202223.27.29.31-33.41 424449.52-56.6162] iy ]
the effect on haemodynamic variables and/or bio-
chemical measurements,[13:21:263437.38404647.50.57) i
the effect the NYHA functional
clags,l141625.35,39.485158.591 and in seven total mor-
tality.[2428.30.36.43.45.601 sixteen
(13076 pa-
tients) a run-in phase with an ACE inhibitor had to
be completed, or a test dose was given before

nine on

In
trialsl!216,18,20,24,28-30,33,35,37,39.,43,45,52,54]
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randomisation; during these phases, 416 patients
(3.2%) were excluded because of adverse events or
non-compliance.

The majority of the randomised patients (53.3%)
were in NYHA functional class II or III, 36.7% in
class I or asymptomatic, and 3% in class IV; no
information was given on the functional class for the
remaining 7%. The mean ejection fraction varied
among studies from 14% to 62%. In the trial reports
giving information on concomitant treatments,
53.6% of patients received diuretic treatment (29
trials), 34.6% received digitalis (29 trials), 17.1% -
adrenoceptor antagonists (38 trials), 25.5% calcium
channel antagonists (36 trials), and 6.5%
hydralazine (32 trials), with similar distribution in
both arms (ACE inhibitors and control).

Withdrawals and Reasons for Withdrawal

The withdrawal rate was 24.3% (2348/9668)
among patients allocated to ACE inhibitors, and
27.8% (2383/8566) among those allocated to the
reference treatment (see table I). Each patient could
have been withdrawn for more than one reason, and
there were 2774 reasons for withdrawal among
those allocated to ACE inhibitors, and 2910 among
those in the control groups. There were 1213/7668
withdrawals for administrative reasons among pa-
tients randomised to treatment with ACE inhibitors,

899

and 1281/7152 among those in the control groups.
Withdrawals due to worsening of CHF were 543/
8672 with ACE inhibitors, and 952/8134 in the
control groups (RR = 0.54; 95% CI 0.46-0.63),
those due to myocardial infarction were 41/6191
with ACE inhibitors and 66/5798 in the control
groups (RR = 0.64; 95% CI 0.43-0.93), and those
due to hypertension were 14/7306 among patients
treated with ACE inhibitors and 43/6914 among
those in the control groups (RR = 0.37, 95% CI
0.20-0.67). The remaining reasons for withdrawal
were more common among patients allocated to
ACE inhibitors (1035/7487, 13.8 per 100 patients)
than among those allocated to the reference treat-
ment (661/7025, 9.4 per 100 patients; weighted dif-
ference of 3.1% [95% CI, 1.8-4.4%], RR = 1.54,
95% CI, 1.30-1.83) [see table I]. Therefore, for each
of the 32 patients treated with an ACE inhibitor
during a mean of 100.2 weeks, one additional treat-
ment withdrawal due to an adverse event occurred.
No heterogeneity among the trials regarding with-
drawals due to adverse events related to ACE inhibi-
tors was seen (2 = 37.25, p = 0.14).

By organs and systems, the most common ad-
verse events leading to treatment withdrawal were
respiratory (RR = 1.86; 95% CI 1.40-2.49), renal
(RR =2.03;95% CI 1.55-2.67), reproductive (RR =
6.46; 95% CI 1.14-36.58), and general (RR = 1.27;

Table I. Number of withdrawals and main reasons for patient withdrawal in trials of ACE inhibitors in the treatment of heart failure and

ventricular dysfunction after myocardial infarction

Variable ACE inhibitors withdrawals

Reference treatment withdrawals

no./total no. of patients rate per 100 patients

no./total no. of patients rate per 100 patients

Number of patients withdrawn 2348/9668
Number of reasons for withdrawal? 2774/7487
Reason for withdrawal
administrative reason 1213/7668
heart failure 543/8672
hypertension 14/7306
myocardial infarction 41/6191
adverse events, excluding heart 1035/7487

failure, myocardial infarction
and hypertension

24.3
37.0

15.8
6.3
0.2
0.7

13.8

2383/8566 27.8
2910/7025 41.4
1281/7152 17.9
952/8134 1.7
43/6914 0.6
66/5798 1.1
661/7025 9.4

a A patient could be withdrawn for more than one reason.
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Table Il. Main reasons for adverse event-related withdrawals in clinical trials of ACE inhibitors in the treatment of heart failure and
ventricular dysfunction after acute myocardial infarction

Adverse event Number of withdrawals RR (95% CI)
ACE inhibitors reference treatment
(n =6191) (n = 5798)

Respiratory (total) 137 66 1.86 (1.40-2.49)
cough 123 34 3.19 (2.22-4.57)
dyspnoea 4 13 0.38 (0.13-1.08)
pulmonary oedema 7 8 0.90 (0.33-2.42)
other known 0 1 0.11 (0.00-2.75)
other unknown 3 10 0.30 (0.08-1.08)

Cardiovascular (total) 182 128 1.26 (1.01-1.58)
hypotension 102 45 1.95 (1.39-2.74)
angina 21 17 1.02 (0.53-1.97)
rhythm disturbances 7 11 0.59 (0.23-1.47)
other known 43 47 0.88 (0.58-1.31)
other unknown 9 8 1.12 (0.43-2.89)

Renal (total) 155 73 2.03 (1.55-2.67)
renal dysfunction 59 31 1.84 (1.20-2.81)
renal failure 8 2 3.35 (0.81-13.80)
creatinine increase 24 7 2.88 (1.28-6.52)
urea increase 57 25 2.23 (1.37-3.65)
other known 5 5 0.96 (0.28-3.24)
other unknown 2 3 0.66 (0.11-3.97)

Metabolism and endocrinological (total) 30 12 3.10 (0.89-10.78)

hyperkaliaemia 22 2 7.11 (2.11-23.94)
other known 2 0 3.07 (0.32—29.32)
other unknown 6 10 0.60 (0.22-1.64)

Gastrointestinal (total) 52 48 1.02 (0.69-1.51)
nausea or vomiting 32 25 1.21 (0.72-2.04)
other known 5 2 1.31 (0.46-3.68)
other unknown 15 21 0.71 (0.37-1.37)

Cutaneous (total) 36 28 1.20 (0.73-1.95)
rash 20 19 1.06 (0.56-2.00)
angioedema 8 5 1.50 (0.53-4.20)
pruritus 3 1 1.58 (0.24-10.49)
other known 2 1 0.69 (0.10-4.90)
other unknown 3 2 1.49 (0.25-8.92)

General (total) 177 136 1.27 (1.02-1.58)
dizzines 92 56 1.60 (1.15-2.23)
fatigue 53 44 1.20 (0.81-1.79)
other known 5 6 0.60 (0.21-1.73)
other unknown 27 30 0.90 (0.54-1.50)

Sensory organs (total) 22 13 1.43 (0.71-2.87)
dysgeusia 14 8 1.75 (0.73-4.19)
other known 4 5 0.71 (0.17-2.97)

Continued next page
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Table Il. Contd
Adverse event Number of withdrawals RR (95% ClI)
ACE inhibitors reference treatment
(n =6191) (n = 5798)
other unknown 4 0 8.97 (0.48-166.35)
Nervous system (total) 29 43 0.67 (0.42-1.07)
cerebrovascular accident 17 20 0.87 (0.46-1.67)
headache 4 7 0.61 (0.19-1.96)
other known 1 2 0.33 (0.04-2.67)
other unknown 7 14 0.50 (0.20-1.23)
Musculoskeletal 1 2 0.61 (0.08—4.85)
Collagen disease 1 0 3.14 (0.13-76.08)
Psychiatric? 1 5 0.34 (0.06-1.99)
Reproductive® 10 1 6.46 (1.14-36.58)
Haematological 7 2 2.05 (0.60-7.02)
Cancer 3 3 1.07 (0.22-5.09)
Non cardiac surgery 9 17 0.55 (0.25-1.21)

a Depression in all cases.
b Impotence in all cases.
RR = relative risk.

95% CI 1.02—-1.58) [see table II]. The specific ad-
verse events leading to a higher withdrawal rate
among those allocated to ACE inhibitors compared
with those allocated to the reference treatment were
cough (2% vs 1.1%; RR =3.19; 95% CI 2.22-4.57),
hypotension (1.6% vs 0.8%; RR = 1.95; 95% CI
1.39-2.74), dizziness (1.5% vs 0.9%; RR = 1.60;
95% CI 1.15-2.23), renal dysfunction (0.9% vs
0.5%; RR = 1.84; 95% CI 1.20-2.81), uraemia
0.9% vs 0.4%; RR = 2.23; 95% CI 1.37-3.65),
increase in serum creatinine level (0.4% vs 0.1%;
RR = 2.88; 95% CI 1.28-6.42), hyperkalaemia
(0.4% vs 0.03%; RR = 7.11; 95% CI 2.11-23.94),
and impotence (0.2% vs 0.02%; RR = 6.46; 95% CI
1.14-36.58).

The specific administrative reasons that led to a
higher withdrawal rate were patient’ decision (5.8%
among those allocated to ACE inhibitors and 5.6%
among those allocated to the reference treatment),
recommendation by physician and/or nurse (5.2%
and 7.7%, respectively), and protocol violation and
lack of adherence (1.6% and 0.5% among those
allocated to ACE inhibitors and 1.5% and 0.5%
among those in the reference groups, respectively).

© Adis Data Information BV 2003. All rights reserved.

In order to assess the potential influence of miss-
ing data from the trials excluded from the analysis, a
reanalysis was performed where these trials were
included assuming no additional risk of withdrawal
with ACE inhibitors (RR of 1 for each trial). In this
reanalysis, the risk of withdrawal due to adverse
events excluding worsening CHF, myocardial in-
farction and hypertension (RR = 1.44; 95% CI
1.24-1.66) was still higher among patients allocated
to ACE inhibitors compared with those allocated to
the reference treatment. With these results for every
48 treated patients during a mean of 100.2 weeks,
one additional adverse event leading to treatment
withdrawal occurs.

Figure 2 shows the relation between the size of
the trials and the difference in the withdrawal rates
between both treatment groups. Trials of smaller
size were equally distributed in both sides of the
summary estimate of the effect.

Table III shows the information given on target
daily doses and those actually taken in the trials with
enalapril and in the main trials with captopril,
ramipril and trandolapril. In the majority of reports

Drug Safety 2003; 26 (12)
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Fig. 2. Funnel plot of risk differences according to precision (inverse of the standard error [SE]) of estimate in each trial.

this information was scarce. For this reason the
effect of dose could not be analysed.

Discussion

This is the first published meta-analysis of ad-
verse events associated with to ACE inhibitors in
patients with CHF and/or ventricular dysfunction. It
is also the largest study on this issue, in terms of
number of patients. Apart from worsening of CHF,
which was, as expected, the main cause leading to
treatment withdrawal, the withdrawal rate attributed
to adverse events was higher among patients allocat-
ed to ACE inhibitors, compared with those allocated
to the reference treatment. Our results suggest that
treating 32 patients for 2-45 months gives rise to
one additional adverse event leading to treatment
withdrawal. This should be considered favourable,
when compared with the magnitude of the therapeu-

© Adis Data Information BV 2003. All rights reserved.

tic effect of ACE inhibitors in the treatment of CHF
estimated in recent meta-analyses, which indicate
that by treating 15 or 10 patients for between 3 and
42 months avoids, respectively, one death or one

hospital because  of
CHEF.199-100]

admission worsening

In the present study the rate of withdrawals due to
adverse events among patients allocated to ACE
inhibitors was 13.8% after excluding hypertension
and myocardial infarction (see table I). This figure is
fairly similar to the 15.2% rate seen in the SOLVD
studies subanalysis.”? However, the duration of the
SOLVD trials was longer (40 months) than the mean
duration of the trials included in the present meta-
analysis.

The adverse effects associated with ACE inhibi-
tor use that most frequently lead to treatment with-
drawal were cough, hypotension and dizziness; oth-

Drug Safety 2003; 26 (12)
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er events were azotaemia, hyperkalaemia, and impo-
tence. Although the data regarding impotence were
contributed mostly by the SOLVD trials, whose
authors considered them as a fortuitous finding, our
results support the growing view that impotence is a
rare adverse event of ACE inhibitors.[191:1021 The
mechanism of ACE inhibitor-induced impotence is
unknown, although a reduction of peripheral vascu-
lar resistance has been suggested.['% Similarly to
the findings of the SOLVD studies subanalysis,
withdrawals due to angioedema were rare.[”)

Publication bias is a potential limitation in meta-
analysis of clinical trials. Although this cannot be
ruled out, we believe that publication bias is unlike-
ly, because the funnel plot did not suggest any
difference or trend of the results of small trials,
compared with those of larger trials (figure 2).

It was not possible to include the results of a low
proportion of trials in the analysis of some of the
variables, because the information was unavailable.
However, had the excluded trials shown no addi-
tional risk (i.e. the risk of withdrawal due to an
adverse event is the same among those allocated to
ACE inhibitors and those allocated to placebo), the

903

final result would have been significant and relevant
— treating 48 patients with an ACE inhibitor during a
mean of 25 months would result in one withdrawal
due to an adverse event.

Similarly, it was not possible to evaluate the
incidence of all adverse events related to ACE inhib-
itors, and not only those leading to treatment with-
drawal, because this information was unavailable
and because of heterogeneity in data collection
methods. However, we believe that adverse drug
events leading to treatment withdrawal are those
clinically more relevant, and that this is the most
adequate variable which should be compared with
the beneficial effect of these drugs in terms of a
decrease in mortality and in the rate of hospital
admission.

The main limitation of our study arises from the
limited external validity of clinical trials. Patients
included in clinical trials differ from those in usual
practice, in terms of age and sex,!'% doses pre-
scribed and taken,!'%+197) comorbidity, duration of
use, and diagnostic procedures.' In our meta-
analysis, women comprised only 20% of the study
population, while in a series of adverse events of

Table Ill. Information about the dose in the clinical trials with enalapril and in the main trials with captopril, ramipril and trandolapril

ACE inhibitor No. of patients Target daily dose Mean daily dose in Patients who achieved Reference

allocated to (mg) patients allocated to the target dose (%)

ACE inhibitors ACE inhibitors (mg)
Enalapril 10 40 NA 85 14
Enalapril 11 40 NA 36 16
Enalapril 20 20 18.75 NA 17
Enalapril 9 20 NA 11 20
Enalapril 127 40 18.4 28 30
Enalapril 48 10 NA NA 42
Enalapril 1285 20 16.6 49.3 43
Enalapril 8 10 NA NA 44
Enalapril 2111 20 16.7 56.1 45
Enalapril 21 20 NA 90 47
Enalapril 18 10 NA NA 49
Enalapril 11 40 NA NA 62
Captopril 1115 150 NA 79 28
Ramipril 1004 10 NA 77 60
Trandolapril 876 4 NA NA 24

NA = not available.

© Adis Data Information BV 2003. All rights reserved.
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ACE inhibitors from routine clinical practice
women account for more than 50% of cases,108:109]
and the risk of certain adverse events, such as cough,
is higher among women.['%1%1 Similarly, the mean
age of patients in this meta-analysis was 61.8 years,
while the mean age of patients in series of routine
practice has been 76 years!!%1 and 74 years.l''% It
has been suggested that tolerability of ACE inhibi-
tors would be less in usual clinical practice, and this
may have led, at least in part, to their underuse and
to the use of lower than recommended doses in
patients with CHF.[1%+197] [n this respect, evaluation
of the effect of the dose on the rate of withdrawals
attributed to adverse events would have given im-
portant information, but in the published reports
data on the actual taken by patients was scarce (see
table III), and the effect of dose could not be evalu-
ated.

Finally, the present meta-analysis uncovers sev-
eral limitations regarding the publication of safety
information in the reports on clinical trials. It has
been stressed that information on adverse events
given inade-
quate,!''1151 and that this prevents the systematic
evaluation of the risks of therapeutic interventions.

in reports of clinical trials is

With the aim of guaranteeing minimal informa-
tion standards on these issues, investigators, institu-
tions (such as Ethics Committees and international
agencies), and medical editors should agree and
apply criteria for the ascertainment, terminology and
classification, severity assessment, and publication
of adverse events in clinical trials. The aim should
be a better appraisal of the benefit-risk ratio of
therapeutic interventions. This should facilitate esti-
mation of the incidence of the most relevant adverse
events (and in particular of those leading to treat-
ment withdrawal), and comparing the incidence and
pattern of adverse events in clinical trials with those
seen in routine practice. The last version of the
CONSORT guidelines on reporting the results of

© Adis Data Information BV 2003. All rights reserved.
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clinical trials recommended providing estimates of
the frequency of the main severe adverse events and
reasons for treatment discontinuations separately for
each intervention group.[''8! However, to make the
safety data from clinical trials more useful in daily
practice, the collection of safety information in clin-
ical trials must be improved by means of active
surveillance with predefined structured question-
naires, classification by organs and systems and by
severity, a full specification of adverse events per
study arm, and a detailed description of the adverse
events which are unusual or which have not been
previously described.

Conclusions

Among patients enrolled in randomised clinical
trials on CHF or ventricular dysfunction, starting an
ACE inhibitor leads to an additional 3% of treatment
withdrawals due to adverse events during a mean
observational period of 100 weeks. In a significant
proportion of the reports on these randomised clin-
ical trials, information on adverse events leading to
treatment withdrawal was inadequate. With the aim
of guaranteeing minimal information standards on
these issues, investigators, institutions and medical
editors should agree and apply criteria for the ascer-
tainment, terminology and classification, severity
assessment, and publication guidelines of adverse
events in clinical trials.

Acknowledgements

The authors would like to thank Dr Enric Galve (Service
of Cardiology, Hospital Vall d’Hebron), for his advice in the
design of the study. This study was supported by grant
042996 from the Catalan Agency for Health Technology
Assessment (Agencia d’ Avaluacié de Tecnologies Mediques,
AATM), Barcelona, Spain. The Fundacié Institut Catala de
Farmacologia (FICF) is an academic institution which has
research contracts with several pharmaceutical companies.
Personnel at FICF do not receive any premium related to
these contracts.

Drug Safety 2003; 26 (12)



Adverse Effects of ACE Inhibitors in Heart Failure: A Meta-Analysis

10.

12.

14.

15.

. Eccles M, Freemantle N, Mason J, et al.

. Hobbs FD, Jones MI, Allan TF, et al.

. Kostis JB, Shelton B, Gosselin G, et al.

References

North of England
evidence based development project: guideline for angiotensin
converting enzyme inhibitors in primary care management of
adults with symptomatic heart failure. BMJ 1998; 316:
1369-75

. Stafford RS, Saglam D, Blumenthal D. National patterns of

angiotensin-converting enzyme inhibitor use in congestive
heart failure. Arch Intern Med 1997; 157: 2460-4

. The Large State Peer Review Organization Consortium. Heart

failure treatment with angiotensin-converting enzyme inhibi-
tors in hospitalized Medicare patients in 10 large states. Arch
Intern Med 1997; 157: 1103-8

. Van Veldhuisen DJ, Charlesworth A, Crijns HIGM, et al. Dif-

ferences in drug treatment of chronic heart failure between
European countries. Eur Heart J 1999; 20: 666-72

. Houghton AR, Cowley AF. Why are angiotensin converting

enzyme inhibitors underutilised in the treatment of heart fail-
ure by primary care practitioners? Int J Cardiol 1997; 59: 7-10
European survey of
primary care physician perceptions on heart failure diagnosis
and management (Euro-HF). Eur Heart J 2000; 21: 1877-87
Adverse effects of
enalapril in the studies of left ventricular dysfunction
(SOLVD). Am Heart J 1996; 131: 350-5

. Mason J, Young P, Freemantle N, et al. Safety and costs of

initiating angiotensin converting enzyme inhibitors for heart
failure in primary care: analysis of individual patient data from
studies of left ventricular dysfunction. BMJ 2000; 321: 1113-6

. Breslow NL, Day NE. Statistical methods in cancer research.

Lyon, France: International Agency for Research on Cancer,
1980

Petitti DB. Meta-analysis: decision analysis and cost-effective-
ness analysis: methods for quantitative synthesis in medicine.
New York: Oxford University Press, 1994

. Altman DG, Deeks JJ. Meta-analysis, Simpson’s paradox, and

the number needed to treat. BMC Med Res Methodol 2002; 2
(1):3

Brown EJ, Chew PH, MacLean A, et al. For the Fosinopril
Heart Failure Study Group. Effects of fosinopril on exercise
tolerance and clinical deterioration in patients with chronic
congestive heart failure not taking digitalis. Am J Cardiol
1995; 75: 596-600

. Circo A, Platania F, Mangiameli S, et al. Multicenter, random-

ized, placebo-controlled, double-blind study of the safety and
efficacy of oral delapril in patients with congestive heart
failure. Am J Cardiol 1995; 75 Suppl. F: 18S-24S

Cleland JGF, Dargie HJ, Ball SG, et al. Effects of enalapril in
heart failure: a double blind study of effects on exercise
performance, renal function, hormones, and metabolic state.
Br Heart J 1985; 54: 305-12

Colfer HT, Ribner HS, Gradman A, et al. For the Benazepril
Heart Failure Study Group. Effects of once-daily benazepril
therapy on exercise tolerance and manifestations of chronic
congestive heart failure. The Benazepril Heart Failure Study
Group. Am J Cardiol 1992; 70: 354-8

. Creager MA, Massie BM, Faxon DP, et al. Acute and long-term

of enalapril on the cardiovascular response to exercise and

© Adis Data Information BV 2003. All rights reserved.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

905

exercise tolerance in patients with congestive heart failure. J
Am Coll Cardiol 1985; 6: 163-70

Dickstein K, Barvik S, Aarsland T. Effect of long-term enalapril
on cardiopulmonary exercise performance in men with mild
heart failure and previous myocardial infarction. J Am Coll
Cardiol 1991; 18: 596-602

Drexler H, Banhardt U, Meinertz T, et al. Contrasting peripher-
al short-term and long-term effects of converting enzyme
inhibition in patients with congestive heart failure: a double-
blind, placebo-controlled trial. Circulation 1989; 79: 491-502

. Erhard L, MacLeand A, Ilgenfritz J, et al. For the Fosinopril

Efficacy/Safety Trial (FEST) Study Group. Fosinopril attenu-
ates clinical deterioration and improves exercise tolerance in
patients with heart failure. Eur Heart J 1995; 16: 1892-9

Franciosa JA, Wilen MM, Jordan RA. Effects of enalapril, a
new angiotensin-converting enzyme inhibitor, in controlled
trial in heart failure. J] Am Coll Cardiol 1985; 5: 101-7

Gilbert EM, Sandoval A, Larrabee P, et al. Lisinopril lowers
cardiac adrenergic drive and increases B-receptor density in the
failing human heart. Circulation 1993; 88: 472-80

Beller B, Bulle T, Bourge RC, et al. Lisinopril versus placebo in
the treatment of heart failure: the lisinopril heart failure study
group. J Clin Pharmacol 1995; 35: 673-80

Gundersen T, Wiklund I, Swedberg K, et al. On behalf of the
Ramipril Study Group. Effects of 12 weeks of ramipril treat-
ment on the quality of life in patients with moderate congestive
heart failure: results of a placebo-controlled trial. Cardiovasc
Drugs Ther 1995; 9: 589-94

Kober L, Torp-Pedersen C, Carlsen JE, et al. For the Trando-
lapril Cardiac Evaluation (TRACE) study group: a clinical trial
of the angiotensin-converting-enzyme inhibitor trandolapril in
patients with left ventricular dysfunction after myocardial in-
farction. N Engl J Med 1995; 333: 1670-6

Lechat P, Garnham SP, Desche P, et al. Efficacy and acceptabil-
ity of perindopril in mild to moderate chronic congestive heart
failure. Am Heart J 1993; 126: 798-806

MacFadyen RJ, Barr CS, Sturrock NDC, et al. Further evidence
that chronic perindopril treatment maintains neurohormonal
suppression but does not lower blood pressure in chronic
cardiac failure. Br J Clin Pharmacol 1997; 44: 69-76

Northridge DB, Rose E, Raftery ED, et al. A multicentre,
double-blind placebo controlled trial of quinapril in mild
chronic heart failure. Eur Heart J 1993; 14: 403-9

Pfeffer MA, Braunwald E, Moyé LA, et al. On behalf of The
SAVE Investigators. Effect of captopril on mortality and mor-
bidity in patients with left ventricular dysfunction after myo-
cardial infarction: results of the Survival and Ventricular En-
largement Trial. N Engl J Med 1992; 327: 669-77

Pflugfelder PW, Baird MG, Tonkon MJ, et al. For the Quinapril
Heart Failure Trial Investigators. Clinical consequences of
angiotensin-converting enzyme inhibitor withdrawal in chron-
ic heart failure: a double-blind, placebo-controlled study of
quinapril. ] Am Coll Cardiol 1993; 22: 1557-63

The CONSENSUS trial study group. Effects of enalapril on
mortality in severe congestive heart failure: results of the
Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS). N Engl J Med 1987; 316: 1429-35

Drug Safety 2003; 26 (12)



906

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44.

45.

46.

Lewis GRL, for the International Study Group. Comparison of
lisinopril versus placebo for congestive heart failure. Am J
Cardiol 1989; 63 Suppl. D: 125-6S

Barabino A, Galbariggi G, Pizzorni C, et al. Comparative
effects of long-term therapy with captopril and ibopamine in
chronic congestive heart failure in old patients. Cardiology
1991; 78: 243-56

. The Captopril-Digoxin Multicenter Research Group. Compara-

tive effects of therapy with captopril and digoxin in patients
with mild to moderate heart failure. JAMA 1988; 259: 539-44

Jakob H, Sigmund M, Eschenhagen T, et al. Effect of captopril
on myocardial B-adrenoceptor density and Gic-proteins in
patients with mild to moderate heart failure due to dilated
cardiomyopathy. Eur J Clin Pharmacol 1995; 47: 389-94

Kelbaek H, Agner E, Wroblewski H, et al. Angiotensin con-
verting enzyme inhibition at rest and during exercise in con-
gestive heart failure. Eur Heart J 1993; 14: 692-5

Kleber FX, Niemoller L, Doering W. Impact of converting
enzyme inhibition on progression of chronic heart failure:
results of the Munich mild heart failure trial. Br Heart J 1992;
67: 289-96

Kramer BL, Massie BM, Topic N. Controlled trial of captopril
in chronic heart failure: a rest and exercise hemodynamic
study. Circulation 1983; 4: 807-16

Larsen J, Sykulski R, Jensen G, et al. Adaptive changes in the
acute haemodynamic effects of cilazapril during chronic treat-
ment: comparison with long-term clinical effect. Eur J Clin
Pharmacol 1996; 50: 433-41

Newman TJ, Maskin CS, Dennick LG, et al. Effects of captopril
on survival in patients with heart failure. Am J Med 1988; 84:
140-4

Nussberger J, Fleck E, Bahrmann H, et al. For the study group
on Neurohormonal Regulation in Congestive Heart Failure.
Dose-related effects of ACE inhibition in man: quinapril in
patients with moderate congestive heart failuire. Eur Heart J
1994; 15 Suppl. D: 113S-22S

Riegger GAJ. Effects of quinapril on exercise tolerance in
patients with mild to moderate heart failure. Eur Heart J 1991;
12: 705-11

Widimsky J, Kremer H-J, Jerie P, et al. For the CASIS investi-
gators. Czech and Slovak spirapril intervention study (CAS-
SIS): a randomized, placebo and active-controlled, double-
blind multicentre trial in patients with congestive heart failure.
Eur J Clin Pharmacol 1995; 49: 95-102

. The SOLVD Investigators. Effect of enalapril on survival in

patients with reduced left ventricular ejection fractions and
congestive heart failure. N Engl ] Med 1991; 325: 293-302

Nicholls MG, Ikram H, Espiner EA, et al. Enalapril in heart
failure. Br J Clin Pharmacol 1984; 18 Suppl. 2: 163S-7S

The SOLVD Investigators. Effect of enalapril on mortality and
the development of heart failure in asymptomatic patients with
reduced left ventricular ejection fractions. N Engl J Med 1992;
327: 685-91

Aronow WS, Mercando AD, Epstein S. Effect of benazepril on
complex ventricular arrhythmias in older patients with conges-
tive heart failure, prior myocardial infarction, and normal left
ventricular ejection fraction. Am J Cardiol 1998; 81: 1368-70

© Adis Data Information BV 2003. All rights reserved.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Agusti et al.

Barr CS, Naas AA, Fenwick M, et al. Enalapril reduces QTc
dispersion in mild congestive heart failure secondary to coro-
nary artery disease. Am J Cardiol 1997; 79: 328-33

Bounhoure JP, Bottineau G, Lechat P, et al. Value of per-
indopril in the treatment of chronic congestive heart failure:
multicenter double-blind placebo-controlled study. Clin Exp
Hypertens A 1989; 11 Suppl. 2: 575S-86S

Sharpe DN, Murphy J, Coxon R, et al. Enalapril in patients with
chronic heart failure: a placebo-controlled, randomized, doub-
le-blind study. Circulation 1984; 70: 271-8

Bussmann W-D, Storger H, Hadler D, et al. Long-term treat-
ment of severe chronic heart failure with captopril: a double-
blind randomized, placebo-controlled, long-term study. J
Cardiovasc Pharmacol 1987; 9 Suppl. 2: 50S-60S

Maass L. A double-blind comparison of the efficacy and safety
of the oral ACE inhibitor HOE 498 with that placebo in
patients with severe (grades III and IV) heart failure undergo-
ing concurrent treatment with digoxin and furosemide. Frank-
furt: Hoechst AG, 1994

Maass L. Efficacy and safety of ramipril (HOE 498) in patients
with congestive heart failure in a double-blind, placebo-con-
trolled trial. Frankfurt: Hoechst AG, 1993

Maass L. Evaluation of the effect of ramipril (HOE 498) on
exercise duration, invasive cardiac haemodynamic profiles and
safety in patients with congestive heart failure. Frankfurt:
Hoechst AG, 1993

Kolsky H. A double-blind placebo-controlled study of the effi-
cacy and safety of ramipril administred orally for 24 weeks in
the treatment of stable chronic congestive heart failure. Frank-
furt: Hoechst AG, 1993

Déssenger L, Aldor E, Baird MG, et al. Influence of angiotensin
converting enzyme inhibition on exercise performance and
clinical symptoms in chronic heart failure: a multicentre, doub-
le-blind, placebo-controlled trial. Eur Heart J 1993; 14 Suppl.
C: 18S-23S

The Cilazapril-Captopril Multicenter Group. Comparison of the
effects of cilazapril and captopril versus placebo on exercise
testing in chronic heart failure patients: a double-blind, ran-
domized, multicenter trial. Cardiology 1995; 86 Suppl. I:
34S-408

Hattori Y, Atsushi S, Hiroaki F, et al. Effects of cilazapril on
ventricular arrhythmia in patients with congestive heart failure.
Clin Ther 1997; 19: 481-6

Pueyo C. A 18 week double blind optimal titration multicenter
study to compare the efficacy and safety of orally administered
quinapril hydrochloride with captopril and placebo in patients
with congestive heart failure. Barcelona: Parke-Davis, 1989

Pueyo C. A 12 week double blind placebo controlled study to
determine the efficacy and safety of orally administered
quinapril hydrocloride in patients with congestive heart. Bar-
celona: Parke-Davis, 1989

The Acute Infarction Ramipril Efficacy (AIRE) Study Investi-
gators. Effect of ramipril on mortality and morbidity of survi-
vors of acute myocardial with clinical evidence of heart failure.
Lancet 1993; 342: 821-8

Corder CN, Rubler S, Deere LF, et al. Effect of cilazapril on
exercice tolerance in congestive heart failure. Pharmacology
1993; 46: 148-54

Drug Safety 2003; 26 (12)



Adverse Effects of ACE Inhibitors in Heart Failure: A Meta-Analysis

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Ahlner J, Bergdahl B, Dahlstrom U, et al. Once daily dosing of
enalapril in congestive heart failure. Acta Med Scand 1988;
223: 313-20

Berglund H, Nyquist O, Beermann B, et al. Influence of
angiotensin converting enzyme inhibition on relation of atrial
natriuretic peptide concentration to atrial pressure in heart
failure. Br Heart J 1994; 72: 521-7

Cleland JGF, Dargie HJ, Hodsman GP, et al. Captopril in heart
failure: a double blind controlled trial. Br Heart J 1984; 52:
530-5

Cleland JGF, Henderson E, McLenachan J, et al. Effect of
captopril, an angiotensin-converting enzyme inhibitor, in pa-
tients with angina pectoris and heart failure. ] Am Coll Cardiol
1991; 17: 733-9

MacFadyen RJ, Lees KR, Reid JL. Differences in first dose
response to angiotensin converting enzyme inhibition in con-
gestive heart failure: a placebo controlled study. Br Heart J
1991; 66: 206-11

Mulligan IP, Fraser AG, Lewis MJ, et al. Effects of enalapril on
myocardial noradrenaline overflow during exercise in patients
with chronic heart failure. Br Heart J 1989; 61: 23-8

Pitt B, Chang P, Grossman W, et al. Rationale, background, and
design of the randomized angiotensin receptor antagonist-
angiotensin-converting enzyme inhibitor study (RAAS). AmJ
Cardiol 1996; 78: 1129-31

You-Hua Z, You-Cheng S, Jun Z, et al. Effects of enalapril on
heart rate variability in patients with congestive heart failure.
Am J Cardiol 1995; 76: 1045-8

Lang CC, McAlpine HM, Kennedy N, et al. Effects of lisinopril
on congestive heart failure in normotensive patients with dias-
tolic dysfunction but intact systolic function. Eur J Clin
Pharmacol 1995; 49: 15-9

Lavandero S, Martinez S, Guarda E, et al. Evaluacion del efecto
de enalapril, inhibidor de la enzima conversiva, en los
receptores betaadrenérgicos de linfocitos de pacientes con
insuficiencia cardiaca crénica. Rev Esp Cardiol 1992; 45:
525-30

McGrath BP, Arnolda L, Matthews G, et al. Controlled trial of
enalapril in congestive cardiac failure. Br Heart J 1985; 54:
405-14

Squire IB, Macfadyen RJ, Lees KR, et al. Haemodynamic
response and pharmacokinetics after the first dose of
quinalapril in patients with congestive heart failure. Br J Clin
Pharmacol 1994; 38: 117-23

Insel J, Mirvis DM, Boland MJ, et al. A multicenter study of the
safety and efficacy of benazepril hydrochloride, a long-acting
angiotensin-converting enzyme inhibitor, in patients with
chronic congestive heart failure. Clin Pharmacol Ther 1989;
45: 312-20

Hall D, Zeitler H, Rudolph W. Counteraction of the vasodilator
effects of enalapril by aspirin in severe heart failure. J Am Coll
Cardiol 1992; 20: 1549-55

Cleland JGF, Shah D, Krikler S, et al. Angiotensin-converting
enzyme inhibitors, left vantricular dysfunction, and early heart
failure. Am J Cardiol 1992; 70 Suppl. C: 55S-61S

Galcera-Tomas J, Nufio De la Rosa JA, Torres-Martinez G, et
al. Effects of early use of captopril on haemodynamics and

© Adis Data Information BV 2003. All rights reserved.

78.

79.

80.

81.

82.

84.

85.

86.

87.

88.

89.

90.

91.

92.

907

short-term ventricular remodelling in acute anterior myocardi-
al infarction. Eur Heart J 1993; 14: 259-66

Cleland JGF, Shah D, Kriikler S, et al. Effects of lisinopril on
cardioresdpiratory, neuroendocrine, and renal function in pa-
tients with asymptomatic left ventricular dysfunction. Br Heart
J 1993; 69: 512-5

Cleland JGF, Dargie HJ, East BW, et al. Total body and serum
electrolyte composition in heart failure: the effects of
captopril. Eur Heart J 1985; 6: 681-8

Sylvén C, Jansson E, Cederholm T, et al. Skeletal muscle
depressed calcium and phosphofructokinase in chronic heart
failure are upregulated by captopril: a double-blind, placebo-
controlled study. J Intern Med 1991; 229: 171-4

Kleber FX, Sabin GV, Winter UJ, et al. For the ECCE Study
Group. Angiotensin-converting enzyme inhibitors in prevent-
ing remodeling and development of heart failure after acute
myocardial infarction: results of the German multicenter study
of the effects of captopril on cardiopulmonary exercise para-
meters (ECCE). Am J Cardiol 1997; 80 Suppl. A: 162S-7S

Gundersen T, Swedberg K, Amtorp O, et al. On behalf of the
Ramipril Study Group. Absence of effect on exercise capacity
of 12-weeks treatment with ramipril in patients with moderate
congestive heart failure. Eur Heart J 1994; 15: 1659-65

. Pouler H, Rousseau MF, van Eyll C, et al. For the SOLVD

Investigators. Effects of long-term enalapril therapy on left
ventricular diastolic properties in patients with depressed ejec-
tion fraction. Circulation 1993; 88: 481-91

Konstam MA, Rousseau MF, Kronenberg MW, et al. For the
SOLVD Investigators. Effects of the angiotensin converting
enzyme inhibitor enalapril on the long-term progression of left
ventricular dysfunction in patients with heart failure. Circula-
tion 1992; 86: 431-8

Cleland JGF, Erhardt L, Murray G, et al. Effect of ramipril on
morbidity and mode of death among survivors of acute myo-
cardial infarction with clinical evidence of heart failure: a
report of the AIRE Study Investigators. Eur Heart J 1997; 18:
41-51

Lewis GRIJ. Lisinopril versus placebo in older congestive heart
failure patients. Am J Med 1988; 85: 48-54

Yusuf S, Pepine CJ, Garces C, et al. Effect of enalapril on
myocardial infarction and unstable angina in patients with low
ejection fractions. Lancet 1992; 340: 1173-8

The Captopril Multicenter Research Group. A placebo-control-
led trial in refractory chronic congestive heart failure. J] Am
Coll Cardiol 1983; 2: 755-63

Bounhoure JP. Périndopril et insuffisance cardiaque chronique.
Arch Mal Coeur 1991; 84 Suppl. IV: 89S-92S

Bangdiwala SI, Weiner DH, Bourassa MG, et al. For the
SOLVD Investigators. Studies of left ventricular dysfunction
(SOLVD) registry: rationale, design, methods and description
of baseline characteristics. Am J Cardiol 1992; 70: 347-53

Chatterjee K, Rouleau JL, Parmley WW. Captopril: an oral
angiotensin-converting enzyme inhibitor in CHF. Acta Med
Scand Suppl 1981; 652: 181-7

The Captopril Multicenter Research Group. A cooperative
multicenter study of captopril in congestive heart failure:
hemodynamic effects and long-term response. Am Heart J
1985; 110: 439-47

Drug Safety 2003; 26 (12)



908

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Ribner HS, Sagar KB, Glasser SP, et al. Long-term therapy with
benazepril in patients with congestive heart failure: effects on
clinical status and exercise tolerance. J Clin Pharmacol 1990;
30: 1106-11

Johnson DB, Foster RE, Barilla F, et al. Angiotensin-converting
enzyme inhibitor therapy affects left ventricular mass in pa-
tients with ejection fraction >40% after acute myocardial in-
farction. J] Am Coll Cardiol 1997; 29: 49-54

Moyses C, Higgins TJC. Safety of long-term use of lisinopril for
congestive heart failure. Am J Cardiol 1992; 70 Suppl. C:
91S-7S

Krum H, Karrasch J, Hamer A, et al. Effect of angiotensin-
converting enzyme inhibitor dosing interval on functional
parameters in patients with chronic heart failure. Am Heart J
1998; 135: 237-41

Kiowski W, Drexler H, Meinertz T, et al. Cilazapril in conges-
tive heart failure: a pilot study. Drugs 1991; 41 Suppl. 1:
54S-61S

Keren G, Pardes A, Eschar Y, et al. Left ventricular filling
dynamics by doppler echocardiography in dilated cardiomy-
opathy: one-year follow-up in patients treated with captopril
compared to placebo. Cardiology 1992; 81: 196-206

Garg R, Yusuf S, for the Collaborative Group on ACE Inhibitor
trials. Overview of randomized trials of angiotensin-con-
verting enzyme inhibitors on mortality and morbidity in pa-
tients with heart failure. JAMA 1995; 273: 1450-6

Eccles M, Freemantle N, Mason J, et al. North of England
evidence based development project: guideline for angiotensin
converting enzyme inhibitors in primary care management of
adults with symptomatic heart failure. BMJ 1998; 316:
1369-75

Carvajal A, Lérida MT, Sanchez A, et al. ACE inhibitors and
impotence: a case series from the Spanish drug monitoring
system. Drug Saf 1995; 13 (3): 130-1

Keene LC, Davies PH. Drug-related erectile dysfunction. Ad-
verse Drug React Toxicol Rev 1999; 18: 5-24

McMurray J. Heart failure: we need more trials in typical
patients. Eur Heart J 2000; 21: 699-700

Luzier AB, Forrest A, Adelman M, et al. Impact of angiotensin-
converting enzyme inhibitor underdosing on rehospitalization
rates in congestive heart failure. Am J Cardiol 1998; 82: 465-9

Mair FS, Crowley TS, Bundred PE. Prevalence, aetiology and
management of heart failure in general practice. Br J Gen Pract
1996; 46: 77-9

© Adis Data Information BV 2003. All rights reserved.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Agusti et al.

Clark AL, Coats AJS. Severity of heart failure and dosage of
angiotensin converting enzyme inhibitors. BMJ 1995; 310:
973-4

Pitt B. ACE inhibitor co-therapy in patients with heart failure:
rationale for the randomised aldactone evaluation study
(RALES). Eur Heart J 1995; 16 Suppl. N: 107S-10S

Capella D, Torres F, Avila P, et al. Cough due to angiotensin
converting enzyme: cases collected through spontaneous re-
porting of adverse drug effects. Med Clin (Barc) 1991; 96:
126-8

Israili ZH, Hall D. Cough and angioneurotic edema associated
with angiotensin-converting enzyme inhibitor therapy: a re-
view of the literature and pathophysiology. Ann Intern Med
1992; 117: 234-42

Lindsay J, Freemantle N, Nazareth 1. B-Blockers in heart failure.
Lancet 1999; 353: 1011-2

Ioannidis JPA, Contopoulos-lIoannidis DG. Reporting of safety
data from randomised trials. Lancet 1998; 352: 1752-3

Ioannidis JPA, Lau J. Completeness of safety reporting in
randomized trials: an evaluation of 7 medical areas. JAMA
2001; 285: 437-43

Ioannidis JPA, Lau J. Improving safety reporting from random-
ised trials. Drug Saf 2002; 25 (2): 77-84

Ernst E, Pittler MH. Systematic reviews neglect safety issues.
Arch Intern Med 2001; 161: 125-6

Li Wan Po A, Herxheimer A, Poolsup N, et al. How do Coch-
rane reviewers address adverse effects of drug therapy? Ab-
stracts of the 8th International Cochrane Colloquium; 2000 Oct
25-29: Capetown. Capetown: International Cochrane Collabo-
ration, 2000

Moher D, Schulz KF, Altman DG, et al. The CONSORT
statement: revised recommendations for improving the quality
of reports of parallel-group randomized trials. Lancet 2001;
357: 1191-4

Correspondence and offprints: Dr Joan-Ramon Laporte,

Fundacié Institut Catala de Farmacologia, Servei de

Farmacologia Clinica, Hospital Vall d’'Hebron, P Vall
d’Hebron 119-129, 08035-Barcelona, Spain.

E-mail: jrl@icf.uab.es

Drug Safety 2003; 26 (12)



	Abstract 895
	Study Design and Methods 896
	Results 897
	Clinical Trials Included in the Meta-Analysis 897
	Baseline Patients Characteristics and Primary Endpoints 897
	Withdrawals and Reasons for Withdrawal 899

	Discussion 902
	Conclusions 904
	Acknowledgements 904
	References 904
	Correspondence 908
	Email 908

